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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DO  QRQOLQHDU RSWLFDO GHYLFHV =KDQJ HW DO  OXPLQHVFHQFH )HUQDQGH] HW DO  LRQ H[FKDQJH
VHQVRUV.DW] DQGGUXJGHOLYHU\+RUFDMDGDHWDO $Q HWDO
7KHV\QWKHVLVRI02)V LVDSURFHVVZKLFK LQYROYHV WKH VHOIDVVHPEOLQJ RIPROHFXODUSUHFXUVRUV OHDGLQJ WR WKH
IRUPDWLRQRIRQHWZR RUWKUHHGLPHQVLRQDOVWUXFWXUHVGHSHQGLQJRQWKHLUVWDUWLQJPDWHULDOV7KHV\QWKHVLVRI02)
FDQEHLQIOXHQFHGE\PDQ\IDFWRUVVXFKDVWKHQDWXUHRIPHWDOLRQV$PDELOLQRHWDO-XQJHW DO DQG
RUJDQLF OLJDQGV (GGDRXGL HW DO  VROYHQW V\VWHP %XUURZV HW DO  FRXQWHULRQV DV ZHOO DV PROHFXODU
LQWHUDFWLRQV LQFOXGLQJ K\GURJHQ ERQGLQJ DQG ɩɩ LQWHUDFWLRQV :DQJ HW DO  'XH WR WKHLU H[FHOOHQW
FRRUGLQDWLRQ FDSDELOLW\ DQG SRVVLELOLW\ RI RIIHULQJ QHZ IXQFWLRQDO PDWHULDOV WKH VWXG\ RQ 02)V KDV EHHQ ZHOO
HVWDEOLVKHG(GGDRXGLHWDO<DJKLHWDO0L[WXUHVRIFDUER[\ODWHVDQGDPLQHVRULPLQHVKDYHDOVR
EHHQXVHGIRUWKH FRQVWUXFWLRQRISRURXV02)V'HOJDGR)ULHGULFKVHWDO2QWKHRWKHUKDQG 1GRQRUOLJDQGV
ZLWKFHUWDLQVSDFHUVEHWZHHQWKHWZRWHUPLQDOFRRUGLQDWLRQJURXSVFDQDOVREHXVHGDVDQFLOODU\OLJDQGWRJHWKHUZLWK
WKH FDUER[\ODWH OLJDQG WR PHHW WKH UHTXLUHPHQW RI FRRUGLQDWLRQ JHRPHWULHV RI PHWDO LRQV LQ WKH VHOIDVVHPEO\
SURFHVV6XFK 1GRQRUOLJDQGVDUHJRRGFDQGLGDWHVWRSURGXFHXQLTXHVWUXFWXUDOPRWLIVZLWKEHDXWLIXODHVWKHWLFVDQG
XVHIXO IXQFWLRQDO SURSHUWLHV 7KHUH DUH VHYHUDO UHSRUWV RQ WKH VWXG\ XVLQJ IOH[LEOH ELVLPLGD]ROH DQG ULJLG
PXOWLFDUER[\ODWHDVPL[HGOLJDQGVWREXLOGPXOWLGLPHQVLRQDOIUDPHZRUNVZLWKYDULHGVWUXFWXUHVDQGWRSRORJLHV7KLV
LVGXH WR WKHQDWXUHRIERWK IOH[LEOHELVLPLGD]ROH OLJDQGDQGPXOWLFDUER[\ODWH WRDGRSWDYDULHW\RIFRRUGLQDWLRQ
PRGHVWRVDWLVI\WKHFRRUGLQDWLRQJHRPHWU\UHTXLUHPHQWVRIWKHPHWDOLRQV4L<HWDO=KDQJHWDO
/LXHW DO 7RJDLQPRUH LQIRUPDWLRQDERXW WKHFRRUGLQDWLRQFKHPLVWU\RIPL[WXUHRI OLJDQGVZH IRFXVRXU
DWWHQWLRQRQWKHFRQVWUXFWLRQRIQRYHO02)VE\XVLQJ FDUER[\ODWHOLJDQGDQG1GRQDUOLJDQGV02)VDUHIUHTXHQWO\
V\QWKHVL]HGE\WUDGLWLRQDOK\GURVROYRWKHUPDOPHWKRGVKHDWLQJDQRUJDQLFOLQNHUFRQWDLQLQJFDUER[\ODWHOLQNDQG
PHWDOVDOWLQDVROYHQWV\VWHPWKDWXVXDOO\FRQWDLQVIRUPDPLGHRUZDWHUIXQFWLRQDOLW\7VDRHWDO=KLHWDO
:HQHWDO 7KHVHPHWKRGVRIWHQ\LHOGFU\VWDOVVXLWDEOH IRUVLQJOHFU\VWDO;UD\GLIIUDFWLRQDQDO\VLV
EXWKDYHWKHREYLRXVGLVDGYDQWDJHRIEHLQJUHODWLYHO\VORZ5HDFWLRQVKDYHWREHFDUULHGRXWDWDKLJKHUWHPSHUDWXUH
IRUDSURORQJHGSHULRGRIWLPHZKLFKFDQEHLQVRPHFDVHVDVKLJKDV GD\VDVUHSRUWHGHDUOLHULQFDVHRI%HEWF
)XUWKHUPRUHVROYRWKHUPDOFRQGLWLRQVDUHXQVXLWDEOHIRUWKHUPDOO\VHQVLWLYHVWDUWLQJPDWHULDOV
+HUH ZH KDYH PDGH DQ DWWHPSW WR V\QWKHVL]H 02) E\ D UDSLG VLPSOH DQG KLJK \LHOGLQJ URRP WHPSHUDWXUH
UHDFWLRQZLWKPL[WXUHRIOLJDQGV+HUHZHDUHVKRZLQJWKDWKHDWLQJWRKLJKHULQRUGHUWRFDUU\RXWWKHUHDFWLRQLVQRW
QHFHVVDU\DQGVWLOOE\WKHUHDFWLRQDWURRPWHPSHUDWXUHKLJKO\FU\VWDOOLQH02)VFDQEHSURGXFHG:HLOOXVWUDWHWKLV
E\WKHV\QWKHVLVRI02)E\ERWKFRQYHQWLRQDOKHDWLQJDQGURRPWHPSHUDWXUHVWLUULQJPHWKRGV,WKDVEHHQUHSRUWHG
HDUOLHUWKDWWKHVXEVHTXHQWDGGLWLRQRIWULHWK\ODPLQHFDXVHV GHSURWRQDWLRQRIWKHRUJDQLFOLQNHUWRSUHFLSLWDWH02)V
DWURRPWHPSHUDWXUH7UDQFKHPRQWDJQHHWDO7KLVSURFHGXUHLQYROYHVQRDGGLWLRQRIWULHWK\ODPLQHDQGWKH
UHDFWLRQ WDNHVSODFH DW URRP WHPSHUDWXUH XQGHU DWPRVSKHULFSUHVVXUH7KH02)VREWDLQHG ZHUH FKDUDFWHUL]HGE\
)7,5VSHFWURVFRS\;UD\GLIIUDFWLRQ;5'7KHUPRJUDYLPHWULFDQDO\VLV 7*$DQGE\%UXQDXHU(PPHWW7HOOHU
%(7EDVHG1JDVDGVRUSWLRQVWXGLHV
 ([SHULPHQWDO 6HFWLRQ
 0DWHULDOV
$OO WKH FKHPLFDOV VXFK DV =LQF QLWUDWH KH[DK\GUDWH  EHQ]HQH GLFDUER[\OLF DFLG 7HUHSKWKDOLF DFLG 11
GLPHWK\OHIRUPDPLGH'0)HWFXVHGLQWKLVUHVHDUFKZRUNZHUHSXUFKDVHGIURPVGILQH&KHP/WGRIDQDO\WLFDO
JUDGHPHWK\OHLPLGD]ROHDQGFKORURIRUPREWDLQHG IURP6SHFWURFKHP SYW/WG  7KH\ DOOZHUHRI UHDJHQWJUDGH
DQGXVHGDVWKH\UHFHLYHGZLWKRXWIXUWKHUSXULILFDWLRQ7KHUHDFWRUVXVHGZHUHVWDLQOHVVVWHHODXWRFODYHVZLWK7HIORQ
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OLQHUVRIPOFDSDFLW\
 6\QWKHVLV3URFHVVXUH
&RPSRXQG ZDV V\QWKHVL]HG XQGHU URRP WHPSHUDWXUH FRQGLWLRQV ZLWKRXW KHDWLQJ WKH UHDFWLRQ ,Q D W\SLFDO
UHDFWLRQJPRIKH[DK\GUDWHG=LQFQLWUDWHDQGJPRIWHUHSKWKDOLFDFLGZHUHGLVVROYHGVHSDUDWHO\LQPORI
'0)ZLWKPLOGVWLUULQJ7KHFOHDUVROXWLRQRI=LQFQLWUDWHKH[DK\GUDWHWHUHSKWKDOLFDFLGLQ'0)DGGHGDORQJZLWK
PORIPHWK\OHLPLGD]ROH7KHV\VWHPZDVVHDOGHGDQGVWLUUHGDWURRPWHPSHUDWXUHIRUK1RZWKHUHDFWLRQ
KDGNHSWZLWKRXWWRXFKLQJIRURYHUQLJKW5HVXOWLQJFU\VWDOVZHUHFROOHFWHGDIWHUFRQWLQXRXVZDVKLQJZLWK'0)DQG
FKORURIRUP IROORZHG E\ GU\LQJ DW URRP WHPSHUDWXUH )LJXUH  VKRZV WKH V\QWKHVLV RI02)ZLWK WKH UHDFWDQWV DW
URRP WHPSHUDWXUH:H KDG DOVR SHUIRUPHG WKH VDPH UHDFWLRQ XQGHU VLPLODU UHDFWLRQ FRQGLWLRQV E\ VROYRWKHUPDO
URXWH
)LJXUH 5HDFWLRQVFKHPHIRUWKH IRUPDWLRQRI=LQFPHWDORUJDQLFIUDPHZRUN
&KDUDFWHUL]DWLRQ7HFKQLTXHV
$V REWDLQHG FRORUOHVV FU\VWDOV ZHUH FKDUDFWHUL]HG E\ SRZGHU ;UD\ GLIIUDFWLRQ 3;5' DQDO\VLV ZKLFK KDV
LQIHUUHG DERXW WKH SXULW\ DQG SKDVH VWUXFWXUH DQG QDWXUH FU\VWDOOLQH RU DPRUSKRXV RI WKH SURGXFW 7KH 3;5'
SDWWHUQVZHUHREWDLQHGRQ%UXNHU'$GYDQFHSRZGHU;UD\GLIIUDFWRPHWHUZLWK&X.ĮUDGLDWLRQDWȜ 
QP 7KH YLEUDWLRQDO SURSHUWLHV RI WKH 02) PDWHULDO ZDV VWXGLHG E\ XVLQJ )7,5 DQ 6 6KLPDG]X
VSHFWURSKRWRPHWHU LQ WKH UDQJH IURP  WR  FPXVLQJ .%U SHOOHWV (OHPHQWDO DQDO\VLV ZDV SHUIRUPHG E\
(OHPHQWDU9DULR0,&529DQDO\]HUWRVWXG\WKHSXULW\DQGFRPSRVLWLRQRIWKHSURGXFWV 7KHPRUSKRORJLHVRI
WKH VDPSOHV ZHUH REVHUYHG WKURXJK -(2/ PRGHO -60  /9 VFDQQLQJ HOHFWURQ PLFURVFRSH 6(0
7KHUPRJUDYLPHWULF DQDO\VLV 7*$ ZDV SHUIRUPHG XVLQJ D 7KHUPDO DQDO\VLV 7$ 6'74 VLPXOWDQHRXV
'7$7*$V\VWHP)RU7*$WKHVDPSOHVZHUHWDNHQLQDOXPLQDFUXFLEOH DQGKHDWHGXQGHUDIORZRIDLURUQLWURJHQ
DWD UDWHRI&PLQXS WR&$OVR%UXQDXHU(PPHWW7HOOHU %(7EDVHG1JDVDGVRUSWLRQVWXGLHVZHUH
PDGHXVLQJ129$ ± 9HUD%(7VXUIDFHDUHDPHDVXUHPHQWLQVWUXPHQW
 5HVXOWDQGGLVFXVVLRQ
7KHFRORUOHVVFU\VWDOVRI=LQFPHWDORUJDQLFIUDPHZRUNVRREWDLQHGE\WKHUHDFWLRQRIEHQ]HQHGLFDUER[\OLF
DFLG DQG PHWK\O LPLGD]ROH LQ 11GLPHWK\OIRUPDPLGH ZHUH ZHOO FKDUDFWHUL]HG DQG FRPSDUHG ZLWK WKH RQHV
V\QWKHVL]HG E\ VROYRWKHUPDO SURFHGXUH 7KH )LJXUH  D DQG E UHVSHFWLYHO\ VKRZ WKH )7,5 VSHFWUD RI WKH VR
REWDLQHG02) V\QWKHVL]HG DW URRP WHPSHUDWXUH DQG FRQYHQWLRQDO KHDWLQJ DW KLJKHU WHPSHUDWXUH 7KH DEVRUSWLRQ
EDQGLQWKHUHJLRQ FP LQWKHVSHFWUDLVGXHWR ±&+VWUHWFKLQJYLEUDWLRQPRGH RULJLQDWLQJIURPEHQ]HQH
ULQJRI EHQ]HQHGLFDUER[\OLFDFLG 7KHVHFRQGDEVRUSWLRQEDQGLVREVHUYHGLQWKHUHJLRQ  FPLVGXH
WR ±&+VWUHWFKLQJLQPHWK\OJURXS)XUWKHUWKHZHDNDQGLQWHQVHDEVRUSWLRQSHDNVDUHREVHUYHGLQWKHUHJLRQ
  FP ZKLFK FRXOG EH GXH WR DV\PPHWULF DQG V\PPHWULF VWUHWFKLQJPRGHV DW  FP DQG  FP DUH
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FRUUHVSRQG RI & 2 RI WKH EHQ]HQHGLFDUER[\OLF DFLG $URPDWLF ULQJ FDQ DOVR VKRZ WKH SHDNV LQ WKLV UHJLRQ
FRUUHVSRQGLQJ SDUWLFXODUO\ DW  FPY  FPY  FP GXH WR & & VWUHWFKLQJ DQG &+ EHQGLQJ
YLEUDWLRQV7KHDEVRUSWLRQSHDNVLQWKHUHJLRQ  FPDUHGXHWR&1VWUHWFKLQJDQG&+EHQGLQJLQWKH
SODQH7KHUHJLRQVKRZLQJDEVRUSWLRQEDQGVLQWKHUDQJH FP LQGLFDWHV WKHDURPDWLFVXEVWLWXWLRQ,Q
WKHVDPHUHJLRQ& &DQG& 1VWUHDFKLQJVFDQVKRZWKHDEVRUSWLRQSHDNV7KHSHDNVLQWKHUHJLRQ  FP
FRUUHVSRQG WR&1&EHQGLQJ LQ WKH SODQH7KH UHJLRQ IURP ±  FPFDQ DWWULEXWHG WR WKH GHIRUPDWLRQ RI
FDUERQ\OVXEVWLWXHQWRXWRIWKHSODQH7KLV)7,5SDWWHUQLVDOPRVWVLPLODUWRWKHSDWWHUQEZKLFKFRUUHVSRQGVWRWKH
02)V\QWKHVL]HGE\FRQYHQWLRQDOKHDWLQJ+RZHYHULWGLIIHUVIURPSDWWHUQEZLWKUHVSHFWWRLQWHQVLW\7KHSHDN
LQWHQVLWLHV DUH PRUH LQ SDWWHUQ D ZKHQ FRPSDUHG WR WKDW RI SDWWHUQ E (OHPHQWDO DQDO\VLV  REV FDOF IRU
>=QEGF0,@&+1)RXQG&+1DQG&+1IRU
WKHFRPSOH[V\QWKHVL]HGDWURRPWHPSHUDWXUHDQGE\ FRQYHQWLRQDOKHDWLQJURXWHUHVSHFWLYHO\5HVXOWVDUH LQIHU WKDW
WKHV\QWKHVLVRIVLPLODU02)E\DSSO\LQJERWKURXWHVZLWKKLJKSXULW\
)LJXUH )7,5VSHFWUDIRUWKH02)VDV\QWKHVL]HGDW5RRPWHPSHUDWXUHE\VWLUULQJEV\QWKHVL]HGE\FRQYHQWLRQDOKHDWLQJDWHOHYDWHG
WHPSHUDWXUH
7DEOH)7,5VSHFWUDOGDWDRIWKHDVV\QWKHVL]HG02)
:DYH1XPEHUFP $VVLJQPHQW








&+VWUHDFKLQJRIEHQ]HQHULQJ
&+VWUHDFKLQJLQPHWK\OJURXS
$URPDWLFVNHOHWRQ SHDNV
&1VWUHDFKLQJ
3HDNVLQGLFDWHWKHDURPDWLFVXEVWLWXWLRQSDWWHUQDQG VXEVWLWXWLRQ
&1&
&+EHQGLQJRXWRIWKHSODQH
$VVRFLDWHGZLWKWKHRXWRISODQHGHIRUPDWLRQRIWKHWZRFDUERQ\OVXEVWLWXHQWV
3RZGHU;UD\GLIIUDFWLRQ3;5'VWXGLHV ZHUHHPSOR\HGWRFKDUDFWHUL]HWKH02)VDVLWLVDYHU\LQIRUPDWLYHWRRO
WR LQYHVWLJDWH FU\VWDOOLQHSURSHUWLHV RI D V\QWKHVL]HGPDWHULDO7KH;5'SDWWHUQV IRU ]LQF 02)VDUHSUHVHQWHG LQ
)LJXUHV  ,Q WKH ILJXUH SDWWHUQ D DQG E FRUUHVSRQG  WR WKH 02)V V\QWKHVL]HG DW URRP WHPSHUDWXUH DQG
FRQYHQWLRQDOKHDWLQJURXWHUHVSHFWLYHO\7KH3;5'GDWDZDVFROOHFWHGZLWKWKHPRQRFKURPDWLFKLJKLQWHQVLW\&X.Į
UDGLDWLRQ DW Ȝ   QP 7KH VROLG FU\VWDOV REWDLQHG LQ WKH V\QWKHVLV ZHUH XVHG GLUHFWO\ ZLWKRXW DQ\
PRGLILFDWLRQV+LJK LQWHQVLW\%UDJJGLIIUDFWLRQSHDNVDUHREVHUYHGDWT YDOXHV DQG LQSDWWHUQ E7KH
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VDPH SHDNV DUH DOVR SUHVHQW LQ SDWWHUQ D EXW WKH UHODWLYHO\ LQWHQVLWLHV DUH VLJQLILFDQWO\ OHVV 7KH EURDGHU%UDJJ
GLIIUDFWLRQSHDNVLQSDWWHUQ DLQFRPSDULVRQZLWKSDWWHUQE LQGLFDWHWKHSUHVHQFHRIVPDOOHUFU\VWDOOLWHV
)LJXUH 3;5'SDWWHUQVRIWKH02)VDV\QWKHVL]HGDW5RRPWHPSHUDWXUHEV\QWKHVL]HGE\FRQYHQWLRQDOKHDWLQJDWHOHYDWHGWHPSHUDWXUH
7KHPRUSKRORJLHVRIWKHVDPSOH02)VZHUHIXUWKHULQYHVWLJDWHGE\6FDQQLQJHOHFWURQVSHFWURVFRS\,QWKH)LJXUH
WKHLPDJHVDDQGEFRUUHVSRQGWRWKH02)V\QWKHVL]HGDWURRPWHPSHUDWXUHLPDJHVFDQGGFRUUHVSRQGWR
WKH02)V\QWKHVL]HGE\FRQYHQWLRQDOKHDWLQJURXWH6(0LPDJHVE\ ERWKWKHV\QWKHVLVURXWHVDUHDOPRVWVLPLODU,Q
DOO LPDJHV SDUWLFOHV DUH DJJUHJDWHG DPRQJ WKHPVHOYHV WR IRUP FOXVWHUV 7KH SDUWLFOHV DUH GLVWULEXWHG LQ02)V DV
FOXVWHUVRI LUUHJXODU VKDSHG IODNHV6LPLODUPRUSKRORJLHV IRUERWK VDPSOHVSURYLQJ WKDWZHDUH DEOH WR V\QWKHVL]H
GHVLUHG02)XQGHUURRPWHPSHUDWXUHFRQGLWLRQV
)LJXUH 6(0LPDJHVIRUWKH02)VDPSOHVDDQGEFRUUHVSRQGWRWKH02)V\QWKHVL]HG URRPWHPSHUDWXUHDQGFDQGGFRUUHVSRQGWR
02)V\QWKHVL]HGE\FRQYHQWLRQDOKHDWLQJDW HOHYDWHGWHPSHUDWXUH
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7KHWKHUPDOVWDELOLW\RIWKHDVV\QWKHVL]HG02)VZDVVWXGLHGXVLQJ WKHUPRJUDYLPHWULFDQDO\VLV7*$XQGHU1
DWPRVSKHUH DW D KHDWLQJ UDWH RI  &PLQ ZLWKRXW DQ\ SUHWUHDWPHQW )LJXUH  $OPRVW VLPLODU UHVXOWV ZHUH
REVHUYHGIRU7KH02)VREWDLQHGE\ERWKVROYRWKHUPDODQGURRPWHPSHUDWXUH 7KHWKHUPRJUDPVVKRZWZRPDMRU
ZHLJKWORVVHV7KHILUVWZHLJKWORVVKDVEHHQREVHUYHGLQWKHWHPSHUDWXUHUDQJHRI&WR&DQGWKHVHFRQG
ZHLJKWORVVKDVEHHQREVHUYHGLQWKHUDQJH& &7KHILUVWZHLJKWORVVLQDERXWRFFXUUHGFRXOGEH
GXHWRWKHORVVRIIUHHDQGODWWLFHZDWHUPROHFXOHVDQGDOVR'0)PROHFXOHV7KHVHFRQGZHLJKWORVVLQDERXW
FDQEHDWWULEXWHGWRUHPRYDORISKHQ\OULQJDQGFDUER[\ODWHJURXS2QFHDOOWKHVROYHQW PROHFXOHVZHUHHYDSRUDWHG
WKH IUDPHZRUN VWDUWV WR FROODSVH DQG ILQDOO\ UHVXOWV LQ WKH IRUPDWLRQ RI DPRUSKRXV VROLG 7KH7*$ FXUYH RI WKH
FRPSRXQGVLQGLFDWHWZRSRLQWVLWKHSRVVLELOLW\RIUHPRYDORI+EGFPROHFXOHVLQWKHWHPSHUDWXUHUDQJHRI±
 &LLWKHIUDPHZRUNVWDELOLW\LQWKHWHPSHUDWXUHUDQJHRI&
)LJXUH 7*$FXUYHVRIWKH02)VV\QWKHVL]HGD5RRPWHPSHUDWXUHVWLUULQJDQGEFRQYHQWLRQDOKHDWLQJDWHOHYDWHGWHPSHUDWXUH
7RVWXG\WKHSRURVLW\RIWKH02)VDPSOHVQLWURJHQJDVVRUSWLRQLVRWKHUPVZHUHPHDVXUHGDW.3ULRUWRJDV
VRUSWLRQPHDVXUHPHQWVERWK WKH VDPSOHVZHUHGHJDVVHG DW &XQGHUYDFXXP IRU K1LWURJHQSK\VLVRUSWLRQ
LVRWKHUPLVRIWKHW\SH,,DVH[SHFWHG IRUWKHDFWLYDWHGVDPSOHVZLWKGLDPHWHUPRUHWKDQPLFURSRURXV)LJ7KH
DGVRUSWLRQDQGGHVRUSWLRQFXUYHVWUDFHDOPRVWWKHVDPHLVRWKHUPLQGLFDWLQJWKHUHWHQWLRQRIWKHIUDPHZRUNGXULQJ
WKLVSURFHVV7KHVSHFLILFVXUIDFHDUHDFDOFXODWHGLVPJ IRU02)V\QWKHVL]HGDWURRPWHPSHUDWXUHDQGWKH
VSHFLILFSRUHYROXPHLVFFJ7KHVXUIDFHDUHDRI02)V\QWKHVL]HGE\FRQYHQWLRQDOKHDWLQJURXWHZDVDOPRVW
FORVH WR WKH DERYH YDOXH 7KH SRUH VL]H GLVWULEXWLRQV IRU ERWK WKH02)V GLVSOD\HG LQ )LJ  ,Q ILJXUH SORW D
FRUUHVSRQGV WR 02) V\QWKHVL]HG DW URRP WHPSHUDWXUH DQG SORW E FRUUHVSRQG WR WKH 02) V\QWKHVL]HG E\
FRQYHQWLRQDOKHDWLQJDWHOHYDWHGWHPSHUDWXUH
)LJXUH 1 DGVRUSWLRQGHVRUSWLRQLVRWKHUPIRUDVV\QWKHVL]HG02)VDPSOHVDDWURRP WHPSHUDWXUHEE\FRQYHQWLRQDOKHDWLQJDWWKHHOHYDWHG
WHPSHUDWXUH
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)LJXUH  7KHSRUHVL]HGLVWULEXWLRQ IRUDVV\QWKHVL]HG02)VDPSOHVDDWURRPWHPSHUDWXUHEE\FRQYHQWLRQDOKHDWLQJDWWKHHOHYDWHG
WHPSHUDWXUH
%\FRPSDULQJWKHFRPSOH[IRUPHGDW URRPWHPSHUDWXUHZLWKWKHFRPSOH[IRUPHGE\FRQYHQWLRQDOKHDWLQJURXWH
ZHKDGSUHGLFWHG WKHFU\VWDO VWUXFWXUHRI WKHFRPSOH[ IRUPHGDW URRPWHPSHUDWXUH)LJXUH +HUHHDFK=Q,,
H[KLELW VTXDUHS\UDPLGDOFRRUGLQDWLRQHQYLURQPHQW IRUPHGE\ IRXUR[\JHQDWRPVIURPIRXUEGF OLJDQGV$QRWKHU
R[\JHQDWRPIURPHDFKEGFOLJDQGVEHKDYHVDVDEULGJLQJFDUER[\ODWHIRUDQRWKHU=Q,,DQGRQHLQGLYLGXDO0,
OLJDQGRFFXSLHVWKHD[LDOVLWHVDVLOOXVWUDWHGLQILJXUH7KH=QFDWLRQLVFRRUGLQDWHGE\IRXUPRQRGHQWDWHFDUER[\ODWH
JURXSVYLDR[\JHQDWRPV222DQG2IURPIRXUGLIIHUHQWEGFDQLRQV$OVRE\RQHLPLGD]ROHQLWURJHQDWRP
1IURPRQHPHWK\OHLPLGD]ROHPROHFXOHVZLWK=Q ±1GLVWDQFHRIcDQGIRXU2DWRPV2 22DQG
2IURPIRXUGLVWLQFW  EGFZLWK=Q2ERQGOHQJWKcccDQGcUHVSHFWLYHO\:HDN
+ ERQGLQJSURYLGHV VWDELOLW\WRWKHIUDPHZRUN
)LJXUH &U\VWDOVWUXFWXUHRI 02)&RRUGLQDWLRQHQYLURQPHQWDURXQGD=QFHQWHU $WRPLFODEHOOLQJLVJLYHQIRUDWRPVLQWKHDV\PPHWULFXQLW
&RORUFRGH]LQFJUHHQFDUERQEODFNQLWURJHQEOXHR[\JHQUHGK\GURJHQ\HOORZ
&RQFOXVLRQ
$FRPSDUDWLYHVWXG\RIWKHV\QWKHVLVRI=LQFPHWDORUJDQLFIUDPHZRUNE\DFRQYHQLHQWDQGFRVW HIIHFWLYHDWURRP
WHPSHUDWXUHXQGHUQRUPDODWPRVSKHULFSUHVVXUHKDVEHHQ LQYHVWLJDWHG:HKDYHVXFFHVVIXOO\ V\QWKHVL]HG02)DW
URRPWHPSHUDWXUHZLWKRXWDGGLWLRQRIDQ\DGGLWLRQDOUHDFWDQWWRHQKDQFHWKHUHDFWLRQUDWH 7KHSK\VLFRFKHPLFDODQG
WH[WXUHSURSHUWLHVZHUHIRXQGWREHVLPLODUIRUWKH02)VV\QWKHVL]HGE\ERWKFRQYHQWLRQDODQGVROYRWKHUPDOURXWH
$FRPSDUDWLYHVWXG\FDQKHOSRQHWRSUHGLFWWKHVWUXFWXUHRIWKHFRPSOH[ZLWK WZR=QFHQWUH DQGHDFKRIZKLFKKDV
ILYH FRRUGLQDWHG VTXDUH S\UDPLGDO JHRPHWU\ 7KLV PHWKRG KDV EHHQ SURYHG DV D YLDEOH DOWHUQDWLYH WR WKH
FRQYHQWLRQDO KHDWLQJ VROYRWKHUPDO URXWH 7KLV PHWKRG LV HYHQ VDIHU ZKHQ FRPSDUHG WR WKH PLFURZDYHDVVLVWHG
        
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VROYRWKHUPDO V\QWKHVLV LWGRHVQRW LPSO\ WKHKHDWLQJRID FORVHG UHDFWRUFRQWDLQLQJQLWUDWHVDQGYRODWLOH VROYHQWV
$FNQRZOHGJHPHQWV
7KH$XWKRUVZRXOG OLNH WRDFNQRZOHGJH'67IRU;5')7,5DQG7*$IDFLOLW\DWRXU'HSDUWPHQWSUHPLVHV:H
ZRXOGDOVROLNHWRDFNQRZOHGJH0U9DQNDWHVK%DQJDORUH,QVWLWXWHRI7HFKQRORJ\IRUKLVKHOSLQSHUIRUPLQJ%(7
DQDO\VLV
5HIHUHQFHV
$ONRUGL 0 + /LX < /DUVHQ 5 : (XEDQN - ) (GGDRXGL 0  =HROLWHOLNH 0HWDOí2UJDQLF )UDPHZRUNV DV 3ODWIRUPV IRU
$SSOLFDWLRQV2Q0HWDOORSRUSK\ULQ%DVHG&DWDO\VWV -RXUQDORI$PHULFDQ&KHPLFDO6RFLHW\ 
$PDELOLQR%%6WRGGDUW-) ,QWHUORFNHGDQGLQWHUWZLQHGVWUXFWXUHVDQGVXSHUVWUXFWXUHV &KHPLFDO5HYLHZV
$Q-*HLE6-5RVL1/&DWLRQ7ULJJHUHG'UXJ5HOHDVHIURPD3RURXV=LQFí$GHQLQDWH 0HWDOí2UJDQLF)UDPHZRUN-RXUQDORIWKH
$PHULFDQ&KHPLFDO6RFLHW\
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